Introduction
Agar is generally used as a gelling agent in plant tissue culture, but it has several disadvantages as a gelling agent for tissue culture. When nutrients or other substances become depleted, the tissues must be transferred into a new medium repeatedly, which is quite laborious. Regenerated roots do not always grow normally in agar which seems to have some inhibitors of differentiation and growth of explants (Kohlenbach and Wernicke, 1977; Shillito et al., 1983; Tyagi et al., 1980; Wernicke and Kohlenbach, 1976) .
To avoid these problems, supports made of polyester, ceramic or wood pulp fiber have been substituted for agar and found to be superior (Cheng and Voqui, 1977; Doi et al., 1992; Nagaoka et al., 1987; Nishimura, 1988; Oishi and Sasaki, 1989) . These supports are porous, spongy materials, so that explants or plantlets can be cultured on a liquid medium. These supports make it possible to produce plantlets from the cultured tissue without having to transfer to a new medium because the liquid medium can be constantly replenished. Nishimura (1988) found pulp to be better than a polyester support for shoot regeneration from cotyledon segments. Ichimura et al. (1990) reported that more adventitious shoots from tomato tissues regenerated on supports derived from plant tissues or on agar medium than they did on supports made of polyester and ceramic. This result suggests that agar may contain some substances which stimulate shoot regeneration. Fig. 1 ).
To clarify why agar promoted shoot regeneration more than did the polyester support, prepared extracts of BA-10 were added to the cotyledon culture media using polyester support. BA-10 was used because it induced shoot regeneration as much as other agars. The agar extracts stimulated the differentiation and growth of adventitious buds on polyester support. The high frequency of shoot regeneration was obtained at a concentration equivalent to 1 or 10 g BA-10 per 55 ml medium which demonstrated the promotive effect of agar for shoot regeneration from tomato callus. Because 15 mg of dry agar extract can be prepared from a gram of agar (data not shown), the agar equivalent in 55 ml is estimated to be 273 mg per liter. At a higher concentration of agar extract, growth of adventitious shoots was markedly inhibited (Table 2 , Fig. 2 ). Furthermore, both ethanol soluble and insoluble fractions of agar extract stimulated shoot regeneration, the former being less effective than the latter (Table 3) .
Discussion
Gelling agents were found to affect the differentiation and growth of in vitro cultured tissues. Many workers have reported that the differentiation and growth rates of tissues are slower on agar than they are on agarose or gellan gum (Kohlenbach and Wernicke, 1977; Shillito et al., 1983; Tyagi et al., 1980; • Wernicke and Kohlenbach, 1976 shoot regeneration which is attributed to its extractable substances. Although agarose is the main constituent of agar, agarose had no effects on shoot regeneration, indicating that the stimulating substance is, at least, not agarose.
Physical properties, such as water potential of gelling agents or support, are also known to affect the response of cultured tissues (Fujiwara, 1992; Kozai et al., 1986) . The concentration of the agar extract equivalent to 1 g of agar per 55 ml, at which the highest number of shoots was obtained, is estimated to be 273 mg• liter-I. Because this concentration is osmotically a hundred times lower than that of MS medium supplemented with 3%
sucrose which is estimated to be 34.7 g•liter-1, the agar extract at the concentration seems to have little effect on physical properties of the medium.
In addition, the frequency of shoot regeneration on agarose was far less than those on agars and gelIan gum although its physical properties are similar to those of agar (Hayashi, 1968) . Thus, physical properties of the gelling agent or support are probably less effective in shoot regeneration of tomato than are chemical properties.
When agar extract was fractionated with ethanol, the ethanol insoluble fraction stimulated shoot regeneration more than did the soluble fraction which suggests that the regeneration stimulating substances are hydrophilic. Previously, we (1990) reported that the frequency of shoot regeneration in tomato on supporting material made of wood pulp or cotton fiber was much greater than that on polyester support. We (1990) showed that wood pulp extract stimulated shoot regeneration of tomato. Since both wood pulp and cotton fiber are derived from plant polysaccharides like agar, substances related to plant polysaccharides seem to stimulate shoot regeneration. Oligosaccharides of cell wall fragments have been found to have some biological activities (Darvil et al., 1985; Ryan and Farmer, 1991) . Eberhard et al. (1989) showed that pectic cell wall fragments regulated explant morphogenesis in tobacco. Pavlova et al. (1992) reported that pentasaccharide of xyloglucan stimulated growth and differentiation of immature wheat embryo. We therefore assume that the regeneration stimulating substances are also oligosaccharides.
